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(54) QAM spread spectrum demodulation system 



(57) A demodulation arrangement is disclosed 
which comprises a mixing circuit for deriving in-phase 
(I) and quadrature (Q) signals in a digital form from a 
received signal. The I and Q signals can then be input 
to a look-up table configured to output at least a data 
output value corresponding to a symbol constellation 



point and a corresponding phase output value, both se- 
lectable using. A phase processor is arranged to receive 
the phase output value and to calculate a phase angle 
value of the received signal. The phase angle value is 
returned as a further input to the look-up table to sup- 
plement the I and Q signals for selection of at least the 
data output value. 
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Description 

Field of the Invention 

The present invention relates generally to radio fre- 
quency (RF) communication systems and, in particular, 
discloses a quadrature amplitude modulation QAM 
spread spectrum demodulation system suitable for gen- 
eral application, but also finding particular application in 
wireless local area networks. 

Background Art 

Associated with increases in office automation 
based around computer networks over the past ten 
years, there has developed an increasing desire to re- 
duce, and ultimately to eliminate, data cable connec- 
tions between devices such as main frame computers, 
terminals, personal computers, printers and the like. 
This has resulted in the development of so-called "wire- 
less local area networks" ( wireless LAN's), which utilise 
bi-directionat radio frequency (RF) communications be- 
tween devices arranged within such a system. Such 
systems present essentially three basic problems that 
have hampered their development. Firstly, in view of the 
number of individual number of equipments generally 
used in such a system, the hardware cost of any RF 
transceiver to be associated with each item of equip- 
ment should be minimised to ensure cost effectiveness. 
Further, the desired data rate, which is currently approx- 
imately 2 megabits per second (Mbps), and which is an- 
ticipated to increase to approximately 10 Mbps by the 
year 2000 generally necessitates microwave transmis- 
sion frequencies, which are typically used for point-to- 
point communications over substantially larger distanc- 
es. The third requirement is that of transmitter power. 
On this last point, the transmitted power level must be 
sufficiently low to fall within acceptable limits of environ- 
mental radiation hazards associated with office work 
places, and yet have sufficient power to achieve ade- 
quate propagation. 

QAM spread spectrum systems when implemented 
at a high level, for example 64 QAM, have the advan- 
tages of being able to provide a high spectral efficiency 
which allow data rates in excess of 10 Mbps to be 
achieved whilst meeting the processing gain require- 
ments established by United States Regulation 
FCC1 5.247, and a similar Japanese regulation, in a 
bandwidth of less than 26 MHz. Also, such systems pro- 
vide an improved peak/average power ratio relative to 
other known transmission systems. 

However, such systems have disadvantages. In 
particular, the traditional implementation of 64 QAM de- 
modulation with a symbol rate of around 2 Mbps is com- 
plex, and as a result, not generally suited to the size and 
power requirement necessary for wireless LANs. Fur- 
ther, the low distance between symbols in a 64 QAM 
constellation causes susceptibility to multi-path effects, 



otherwise known as frequency selective fading. Addi- 
tionally, 64 QAM is highly susceptible to amplitude mod- 
ulation to phase modulation (AM/PM) conversion that 
occurs within the power amplifier of the RF transmitter. 

5 Traditional techniques to overcome this problem include 
designing expensive, highly linear power amplifiers, or 
alternatively operating power amplifiers approximately 
1 0dB below the rated output. Such techniques generally 
do not meet the cost-requirements for wireless LAN ap- 

fo plications. 

U.S. Patent No. 5,005,186 (Aono et al) discloses a 
quadrature amplitude modulation (QAM) spread spec- 
trum demodulator which permits high data rate and rel- 
atively low cost implementation through the use of a 

f 5 read-only-memory (ROM) which operates for constella- 
tion decoding and to provide error correction signals. 
However, such an arrangement is understood to be con- 
figured for microwave point-to-point applications and is 
generally unsuitable to wireless LAN environments. 

20 Accordingly, it would be advantageous to provide a 
radio frequency transmission system which at least 
ameliorates the deficiencies mentioned above and 
thereby permits implementation in wireless LAN appli- 
cations. 

25 

Summary of the Invention 

In accordance with one aspect of the present inven- 
tion there is disclosed a demodulation arrangement 
30 comprising: 

a mixing circuit for deriving in-phase (I) and quad- 
rature (Q) signals in a digital form from a received 
signal, 

3$ a look-up table comprising a plurality of data output 
values and phase output values and configured to 
output at least a data output value corresponding to 
a symbol constellation point and a corresponding 
phase output value, both selectable using the I and 

40 Q signals, and 

a phase processor arranged to receive the phase 
output value and to calculate a phase angle value 
of the received signal, wherein 
the phase angle value is further input to the look-up 

45 table to supplement the I and Q signals for selection 
of at least the data output value. 

In accordance with another aspect of the present 
invention there is disclosed a demodulation apparatus 

50 comprising a ROM in which data values and phase val- 
ues are stored for selection by I and Q input data, a 
phase processor for determining, from a plurality of the 
phase values, a current phase angle of the I and Q input 
data, and a feedback path by which the current phase 

55 angle is input directly to the ROM for modifying the I and 
Q values prior to the selection. 

In accordance with another aspect of the present 
invention there is disclosed a QAM demodulation appa- 
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rat us comprising a ROM configured for decoding sym- 
bol constellation points from a received signal, charac- 
terised in that a feedback path is formed from and re- 
turning directly to the ROM, the feedback path imple- 
menting a digital carrier recovery loop incorporating a s 
complex multiplication function. 

In accordance with another aspect of the present 
invention there is disclosed a method of demodulating 
a modulated signal, the method comprising the steps of: 

10 

(a) deriving in-phase (I) and quadrature (Q) signals 
from the signal; 

(b) obtaining a decoded data output value and a 
phase output value corresponding to the I and Q 
signals; is 

(c) determining a phase angle value of the signal 
from the phase output value; and 

(d) using the phase angle value in concert with the 
I and Q signals in the obtaining of at least the de- 
coded data output value. 20 

Brief Description of the Drawings 

A number of aspects of the background art, and a 
number of preferred embodiments of the present inven- 25 
tion will now be described with reference to the drawings 
in which: 

Fig. 1 is a schematic block diagram representation 
of an RF transmission system of conventional struc- 30 
ture, and also which permits implementation using 
apparatus configured in accordance with the pre- 
ferred embodiment; 

Fig. 2 is a schematic block diagram representation 
of a local wireless LAN in which the preferred em- 35 
bodiment can be used; 

Figs. 3A to 3C illustrate respectively QPSK (4 
QAM), 16 QAM and 64 QAM signal constellations; 
Fig. 3D illustrates the effects of AM/PM conversion 
on one quadrant of the constellation of Fig. 3C; 40 
Fig. 3E is a phase plot of AM/PM conversion for a 
typical RF power amplifier; 
Fig. 4 illustrates a prior art QAM demodulator which 
incorporates carrier signal recovery; 
Fig. 5 is a schematic block diagram representation 45 
of an RF receiver of one embodiment; 
Fig. 6 is a schematic block diagram representation 
of a QAM demodulator which can be used in the 
receiver of Fig. 5 and which incorporates a QAM 
digital signal processor (DSP); so 
Fig. 7 is a schematic block diagram representation 
of the preferred QAM processing function which can 
be implemented in the processor of Fig. 6; 
Fig. 8 is a schematic block diagram representation 
of a preferred embodiment of the function of Fig. 7; ss 
Fig. 9 is a schematic block diagram representation 
of an alternative embodiment of the function illus- 
trated in Fig. 7; 



Fig. 10 illustrates a preferred transmission packet 
configuration for use with the preferred embodi- 
ment; 

Fig. 11 illustrates a QAM demodulator of another 
embodiment which utilises pre-processing; and 
Fig. 1 2 is a schematic block diagram representation 
of an alternative embodiment which uses post 
processing. 

Detailed Description 

Fig. 1 shows a communication system 1 configured 
for point-to-point communication between a transmitter 
2 arranged at one location and a receiver 8 located at 
another. The transmitter 2 incorporates a modulator 3 
which receives input data 6 and which outputs to an RF 
power amplifier 4 that is coupled to an antenna 5. The 
antennas emits a transmitted signal 7 which is detected 
by an antenna 9 coupled to a radio frequency receiver 
10 incorporated within a receiver 8. The RF receiver 10 
outputs to a demodulator 11 which reproduces output 
data 1 2 from the transmitted signal. 

The system 1 can be configured with any form of 
modulation system however, when used for microwave 
point to point communications, QAM is often used in 
viewof it providing a high data rate. Furthermore, in such 
applications the relative cost of equipment is small com- 
pared to the distances travelled by communications sig- 
nals and the volume of traffic that can be carried. 

Fig. 2 illustrates a wireless LAN 15 which incorpo- 
rates transceiver modules 20 each configured with a 
transmitter 2 and receiver 8 of the arrangement of Fig. 
1. In this case, the modules 20 incorporate a controller 
21 which receives bi-directional data 22 and provides 
the data input 6 to the transmitter 2, and receives the 
data output 1 2 from the receiver 8. The transmitter 2 and 
receiver 8 each couple to a RF transceiver terminal 24 
to which an antenna 25 is used for the transmission and 
reception of transmission signals 35. Control lines 26 
arranged between the controller 21 , the transmitter 2 
and the receiver 8 permit the selective operation of 
those devices to permit ordered bi-directional commu- 
nication throughout the network 15. Each of the trans- 
ceiver modules 20 is connected to an appropriate device 
such as a LAN server 30, or devices 31 , 32 and 33 re- 
spectively, which can be personal computers, printers, 
main frame computers, a connection to wide area net- 
work, and the like. 

Referring to Fig. 3A, the simplest form of QAM is 
quadrature phase shift keying (QPSK) which provides a 
signal constellation 40 having four constellation points 
41. In some instances, QPSK is known as 4 QAM. 

Fig. 3B illustrates a 16 QAM signal constellation 42 
which includes sixteen constellation points 43 distribut- 
ed in the manner shown. 

Fig. 3C illustrates a 64 QAM signal constellation 44 
which includes sixty -four constellation points 45 also 
distributed in the manner shown. 
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Fig. 3D illustrates the effects of effects of AM/PM 
conversion on the ideal constellation points 45 of one 
quadrant 46 of the constellation 44 of Fig. 3C. When 
subjected to AM/PM conversion, an error vector 47 is 
applied to each ideal constellation point 45 which caus- 
es the corresponding real constellation point 48 to be 
displaced from its ideal location 45. It will be appreciated 
from Fig. 3D, that the magnitude of the vectors 47 in- 
crease with the greater distance of the constellation 
points 45 from the origin 52 of the constellation 44. Im- 
portantly, in digital QAM systems, each constellation 
point represents a quantised transmitted value. Accord- 
ingly, schematically illustrated about each of the constel- 
lation points 45 is a home constellation box 50 such that 
any constellation point detected in that box will be inter- 
preted as the corresponding ideal constellation point 45. 
Accordingly, if the AM to PM vector 47 is small, the con- 
stellation point is not displaced too greatly from the ideal 
location and no error results. 

However, in this particular example, the furthest 
constellation point from the origin 52 is subjected to a 
substantial error vector 47 such that the real constella- 
tion point 49 is displaced from its corresponding home 
constellation box 50 and into a box 51 of an adjacent 
constellation. Accordingly, such an error will be repro- 
duced as an error on demodulation of that data compo- 
nent. Further, it will be appreciated that AM/PM conver- 
sion results in the entire constellation rotating about the 
origin 52 by the phase angle of the corresponding output 
power of the power amplifier. This is illustrated in Fig. 
3E which shows how the phase angle changes as the 
output amplitude of the power amplifier increases, to the 
extent that at high amplitudes, output compression oc- 
curs which causes large phase angle errors. 

Further, even small errors (as opposed to the vector 
47), can be significant as they reduce the immunity the 
communication system has to noise. If the transmitted 
symbols lie in their correct locations, there is then max- 
imum noise immunity. By shifting a symbol point half- 
way toward any one (or more) boundary, the noise need 
only be half the amplitude otherwise required to cause 
a decision error. 

One commonly used method for overcoming the 
problem of phase angle errors, is to operate the RF pow- 
er amplifier at approximately 1 0dB below its rated output 
level. Accordingly, if a 1 watt transmitted power level is 
desired, it is necessary to obtain and operate a 10 watt 
transmitter at a 1 watt level. In some instances, this can 
represent a substantial cost difference over the required 
power output of a corresponding 1 watt transmitter. Fur- 
ther, the alternative, which is to develop a highly linear 
1 watt amplifier, can be just as expensive as the cost of 
purchasing a 10 watt amplifier. 

Another cause of phase errors is instability in the 
local oscillator used in translating the received QAM sig- 
nal from the RF carrier frequency down to base band. 
Traditionally, this problem is overcome using an analog 
carrier recovery phase locked loop such as that shown 



in a QAM demodulator 60 of Fig. 4. There, an IF signal 
s(t) 61 is quadrature converted to base band using mix- 
ers 62 and 63. The down converted signals are then 
passed through Arm filters 64 and 65 respectively, which 

5 preferably perform an integrate and dump function prior 
to passing the signal to analog-to-digital converters 
(ADC's) 66 and 67, respectively. The ADC's 66 and 67 
are used as the decision making device, deciding which 
of the 2 n possible I and Q values a signal is, thus pro- 

10 viding 2 n output bits per symbol on data output lines 76a 
and 76b. Corresponding ideal signal values are then re- 
generated by a digital-to-analog converters (DAC's) 68 
and 69, so that as far as the carrier loop is concerned, 
each ADC and DAC pair form a quantiser, shifting the 

75 signal amplitude to the nearest constellation point. A 
phase error signal is generated using two mixers 70 and 
71 , and a summer 72. The phase error signal is filtered 
in a loop fitter 73 and then used to drive a voltage con- 
trolled oscillator (VCO) 74 which regenerates the carrier 

20 frequency. A quadrature phase shifter 75 supplies the 
carrier to one of the mixers 63. The implementation of 
such a demodulator for a symbol rate of 2 MHz is not 
readily achieved in low component count, tow power 
technology. Further, the arrangement of Fig. 4 does not 

25 provide any automatic gain control (AGC) function 
which is advantageous to ensure optimal demodulation. 

Fig. 5 illustrates a receiver configuration 80 intend- 
ed for use with the preferred embodiments and which 
incorporates an AGC function. An antenna 81 is ar- 

30 ranged to receive RF transmitted signals which are 
passed through a RF band pass filter 82 to reduce un- 
wanted noise. The filtered signal is then passed through 
a radio frequency amplifier 83 and subjected to IF mixing 
in a mixer 84, also input from an IF oscillator 85. The 

3$ translated signal is then passed through an I F band pass 
filter 86 prior being input to a voltage controlled amplifier 
(VCA) 87. The output of the VCA 87 comprises an IF 
signal input s(t) 88 which is input to spread-spectrum 
despreading box 79 which generates a symbol synchro- 

40 nising pulse 98 and also passes the IF signal 88 to a 
QAM demodulator 89 configured in accordance with an 
embodiment of the present invention. The demodulator 
89 provides a data output 90 as well as an AGC control 
voltage output 91 which supplies the VCA 87. In non- 

45 spread spectrum applications, the despreading box 79 
may be substituted by a squaring device, and a band 
pass filter operating at the symbol frequency. 

The arrangement of Fig. 5 permits implementation 
of the demodulator 89 using digital signal processing 

so (DSP) which enables an equivalent of the carrier recov- 
ery loop of Fig. 4 to be implemented at substantially re- 
duced expense. A further advantage of such a configu- 
ration is that, through omitting the traditional VCO 74, 
the restriction on the VCO capture range is removed, 

55 which aids acquisition and assists to prevent false lock- 
ing. Furthermore, the omission of the analog carrier re- 
covery loop of Fig. 4 permits the use of a fixed frequency 
local oscillator, preferably crystal based, that affords fur- 
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ther cost reduction. The ability to use DSP also permits 
the implementation of a decision-aided AGC system 
where the average value of the signal is not held con- 
stant. If the average power were used, the signal ampli- 
tude varies with the data pattern being transmitted and 
so the response time of any such AGC system must be 
sufficiently slow in order to average over enough sym- 
bols to attempt to obtain random data. Such a configu- 
ration is not suitable for rapid acquisition in packet-type 
applications. 

With a decision-aided AGC system, the gain error 
on a symbol-by-symbol case is determined and can be 
used to control the VCA 87. Such an arrangement is 
prone to internal errors because, in order to work, the 
gain has to be nearly correct to start with. As such, there 
is no quick recovery in decision-aided AGC systems. 

A generalised configuration of the QAM demodula- 
tor 89 is shown in Fig. 6 where the IF signal s(t) 88 is 
supplied to mixers 94 and 95 which respectively perform 
quadrature translation of the IF signal 88 to baseband 
utilising a fixed frequency local oscillator 92 and a quad- 
rature phase shifter 93. Each of the baseband signals 
are then passed through a corresponding integrator 96 
or 97 which is reset using the synchronising signal 98 
which acts to dump the integrator outputs. The integra- 
tors 96 and 97 perform complementary functions to 
those of the Arm filters 64 and 65 of Fig. 4. The filtered 
signals are then passed through the corresponding 
ADC's 99 and 100 to provide the in-phase (i) and quad- 
rature (Q) signals that are respectively supplied to a dig- 
ital signal processor (DSP) 101. The DSP 101 provides 
a demodulator data output 90 together with an error sig- 
nal 102 which is passed through a DAC 103 to provide 
the AGC control voltage 91 . 

The processing function required to be performed 
in the preferred embodiment by the DSP 1 01 is indicated 
in Fig. 7. There, the I and Q signals are input to a com- 
plex multiplier 104 which effectively rotates (I + jQ) by 
expGB). The multiplier 104 has two outputs 105 and 106 
which are each provided to respective quantisers 107 
and 1 08 which respectively provide the data output com- 
ponents 90| and 90 q representing the constellation 
points. 

Having thus performed QAM demodulation, the re- 
mainder of the function of Fig, 7 is devoted to phase cor- 
rection and gain control. Firstly, with reference to phase 
correction, each of the quantisers 107 and 108 have a 
corresponding further output 119 and 120 which is sup- 
plied to a corresponding mixer 1 09 or 1 1 0 also connect- 
ed to the output 106 or 105 respectively. The mixers 109 
and 1 1 0 output on an adder 1 1 1 which provides a phase 
error value 112. The phase error value 112, which oc- 
curs for each symbol of the constellation, is then proc- 
essed to obtain the actual phase rotation angle of the 
constellation, as previously illustrated in Fig. 3D. This is 
performed by supplying the phase error value 1 1 2 to an 
accumulator 115 which outputs to a constant multiplier 
1 16, the output of which is then added in a summer 114 



with a value obtained from a constant multiplier 1 1 3 t also 
input with the phase error value 112. The output of the 
summer 1 1 4 represents the phase error in the frequency 
domain, which is then applied to an accumulator 117 

s which converts the value into the time domain to provide 
the actual phase error angle 8118 which is returned to 
the complex multiplier 104 to form a feedback loop. In 
this manner, a digital equivalent of the carrier recovery 
loop of Fig. 4 is achieved without the use of a voltage 

10 controlled oscillator and with a configuration that can be 
implemented solely with digital processing. Importantly, 
the digital value of phase error is used to form the carrier 
recovery loop which effectively performs a complex mul- 
tiplication. 

i$ With reference to gain error correction, each of the 
quantiser outputs 119 and 120 are supplied in turn to 
corresponding mixer and squaring circuits 1 21 , 1 24, and 
122, 125 respectively. The output of each of the mixers 
121 and 122, which corresponds to the amplitude of the 

20 error in the quantising process, is supplied to a summer 
123. The outputs of the squaring circuits 124 and 125 
are also supplied to a summer 126. The summers 123 
and 126 each supply a differential summer 127 which 
provides a gain error value 1 28. The gain error value 

25 128 is then supplied to an accumulator 129 which pro- 
vides the actual gain error 102. The error 102 is then 
passed through the DAC 103 to provide an analog AGC 
control voltage 91 . 

The demodulation function 101 depicted in Fig. 7, 

30 whilst permitting design flexibility and accurate correc- 
tion for gain and phase errors, is sufficiently complex in 
processing so as to prevent a desired symbol rate of 2 
MHz to be achieved using lowcost DSP units. 

However, as depicted, the DSP function 101 is ar- 

35 ranged into an upper block 130 and lower block 131. 
Importantly, the upper block 130 provides a memory- 
less structure having (Ni + Nq + Nt) inputs and (2Nd + 
Ne + Na) outputs. In view of the demodulation function 
being performed upon digital values, and due to a clearly 

40 identifiable relationship between the number of inputs 
and outputs, a direct correlation between input and out- 
put values can be obtained suitable to permit implemen- 
tation of the function 101 as a look-up table that can be 
realised using read-only memory (ROM) devices, when 

45 suitably programmed. In such an implementation, the 
important parameter of note is the actual size of the 
ROM, and this depends on the number of bits of reso- 
lution required for the various signals, which can be cal- 
culated empirically. However, importantly, for a 64 QAM 

50 system, good performance can be obtained using 1 
megabyte ROM. Further, optimisation of the DSP func- 
tion can reduce this requirement to 256 kilobytes. Also, 
at a proposed symbol rate of 2 mega symbols per sec- 
ond, the ROM access time is of the order of 500 nano- 

55 seconds, which is easily met with current technology 
The lower block 131 contains memory devices (the 
accumulators 115,117 and 1 29) and as such is not suit- 
able for implementation as a look-up table. The tower 
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block 131 however can be implemented in a DSP de- 
vice, or alternatively as part of a VLSI integrated circuit. 
Further, the memory requirements of the accumulators 
115, 117 and 129 are not large and such devices only 
have to operate with cycle times of the order of 500 na- 
noseconds. Further, the gain constants "a" and "b" of 
the multipliers 113,116 can also be arranged in powers 
of two, thereby facilitating implementation using shift 
registers. 

Fig . 8 illustrates a QAM demodulator 1 34 config- 
ured to implement the demodulation function of the ar- 
rangement of Fig. 7. A ROM 1 35 is provided which ac- 
cepts digital I and Q signals each having N bits of data. 
A data output 90 provides 2N bits of demodulated data 
comprising I and Q components, 90| and 90 Q . The ROM 
1 35 also outputs the gain error value 1 28 and the phase 
error value 1 1 2 to a VLSI device 1 36 which incorporates 
components corresponding to those of the lower block 
1 31 of Fig. 7. Those components output the phase angle 
error 6118 which is returned as an input in a feedback 
loop to the ROM 1 35, which performs the carrier recov- 
ery operation. The provision of the gain error value 128 
effectively tracks the phase offset for each amplitude of 
the received constellation and thus can be used to im- 
prove the Bit error rate (BER) of the demodulation sys- 
tem. In this embodiment, the AGC value is determined 
on a symbol-by-symbol basis from the gain error value 
128 produced from the ROM 128. Essentially, this con- 
figuration provides for a determination of the symbol, 
and from that, a determination of the gain error, and thus 
differs from the "average" and "decision-aided" ap- 
proaches referred to above. The arrangement thus acts 
to compensate for any AM/PM distortion in the power 
amplifier 4 of the transmitter 2. 

It is to be noted that Fig. 8 does not illustrate any 
timing signals needed to control the flow of data around 
the ROM 35, such as latching of the ADC data, when to 
operate the accumulators 115,117,129, and when the 
output data 90 is valid. However, such details would be 
well understood by those skilled in the art on the basis 
of current existing technology. Such extra logic can be, 
and is preferably developed, as part of the VLSI device 
136. The ROM 135 and VLSI device 136 update their 
states once per symbol, and for a 2 mega symbol per 
second system, that is every 500 nanoseconds. Thus, 
following the ADC devices 99 and 100 of Fig. 8, a min- 
imum of only two integrated circuit devices would be re- 
quired to complete such a 64 QAM demodulator. 

An additional advantage of this technique is that 
other signal constellations can be handled apart from 
the classic square (8 x 8) 64 QAM constellation, illus- 
trated in Fig. 3C. No other circuit modifications are re- 
quired, only re-programming of the ROM 135. Accord- 
ingly, if a constellation has better properties that requires 
extremely complicated processing to determine the 
transmitted symbol, the gain and phase errors for the 
AGC and carrier recovery loops respectively can be de- 
termined offline and the results placed in a ROM. 



The demodulation of a QAM signal requires track- 
ing the phase of the received signal. Frequency offsets 
between the transmitter and receiver cause a regular 
phase change each symbol. The phase changes 
5 caused by these frequency offsets can be measured 
and tracked by the carrier tracking loop if the phase 
change per symbol is less than that needed to rotate a 
symbol into the decision area of a neighbour in the con- 
stellation. For QPSK, this is 45 degrees per symbol 

10 (which corresponds to a frequency offset of 250 kHz for 
a symbol rate of 2 MHz). For 64 QAM, the maximum 
change that can be tolerated is of the order of 8 degrees 
(the exact number depending on the data pattern) which 
corresponds to a frequency offset of 44 kHz for a symbol 

is rate of 2 MHz. If the RF carrier frequency is 2,45 GHz 
then the maximum frequency offsets that could be tol- 
erated would be about 102 ppm for QPSK, 18 ppm for 
64 QAM, and similarly about 42 ppm for 16 QAM. 
Low cost, free running, crystal oscillators typically 

20 give ± 50 ppm accuracy, allowing for manufacturing tol- 
erances and temperature and aging effects. According- 
ly, with such devices, QPSK using the preferred embod- 
iments can be supported. However, with such low cost 
devices, 1 6 QAM and 64 QAM would not appear directly 

2$ supportable. 

Notwithstanding the above, carrier recovery can be 
performed using QPSK, which can then permit switch- 
ing to either 1 6 QAM or 64 QAM. Such a scheme is best 
used where the data is transmitted in packets. 

30 As previously discussed, practical RF power ampli- 
fiers have AM/PM conversion, and also AM-AM conver- 
sion. The latter is simply gain compression and can be 
corrected at the transmitter using a variety of tech- 
niques, for example predistortion, being one of the sim- 

35 piest to implement. Further, as indicated in Fig. 2, as the 
transmitter is actually part of a transceiver, the corre- 
sponding receiver can be used to monitor the transmitter 
output and to correct the transmitted amplitudes. 
The manner in which the ROM-based demodulator 

40 1 34 of Fig. 8 compensates for AM to PM conversion is 
best understood with reference to Fig. 3D. The ROM 
135 takes the received signal (I + jQ) and rotates it by 
the angle 6 before making a decision on the constella- 
tion point received. The mechanism by which the AM to 

45 PM conversion is removed is to add a phase offset to G 
prior to it being used to rotate the receive signal. This 
offset is a function of the signal amplitude. 

The method of compensating for the AM to PM is to: 

50 (a) determine the signal level; 

(b) determine the phase offset using a look-up table; 
and 

(c) add the phase offset to the current estimate of 
signal phase. 

55 

The accuracy of the compensation required de- 
pends on the accuracy with which the received constel- 
lation must be constructed. This is a function of both the 
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level of the modulation and the required error rate. 

The proposed method of measuring the signal am- 
plitude is to incorporate it into the lookup table. If the AM 
to PM results in a distortion which can be estimated 
once, to an adequate accuracy for alt transmitters likely 
to be received, then this distorted constellation can be 
directly programmed into the ROM and no further com- 
pensation is necessary. 

Otherwise the amplitude signal must be used to se- 
lect a phase offset prior to the decision process. Such 
an arrangement is shown in Fig. 9, where a QAM proc- 
essor 1 40 is shown to includes an amplitude decision 
circuit 1 41 which receives the value of (I + jQ) and which 
controls a switch 144 to select one of four basic phase 
offsets 142. The selected offset is added in a summer 
1 43 to the value output from the VLSI device 1 36 to give 
the desired phase error value 0, which is used by the 
ROM in the previous manner. 

Thus, a demodulator including the QAM processor 
140 can compensate the AM/PM distortion if it is a 
known quantity. 

However, in practice, this must be estimated from 
the received signal. Preferably, this is done is by trans- 
mitting a fixed header signal on the data packet, and the 
AM/PM distortion is determined using the fixed header 
signal. Initial phase acquisition is preferably performed 
using QPSK, which essentially corresponds to the ex- 
treme corner constellation points in higher order sys- 
tems. 

Simulations indicate that using 64 QAM, if a channel 
raw Bit Error Rate (BER) of 10" 5 is required, then the 
Eb/No needed by an ideal demodulator is 1 7.7dB. Using 
the ROM demodulator proposed it is possible to achieve 
this error rate at Eb/No of 19.4dB (a degradation of 
1.7dB t which can be reduced by increasing the size of 
the ROM). Simulating the effect of a practical power am- 
plifier indicates that operating at 6dB backoff gives a fur- 
ther degradation of IdB. (Hence a 4 watt amplifier is 
needed to transmit 1 watt). 

Typical simulator results using the compensated 
demodulation arrangement of Fig. 9 are that if the trans- 
mitter is operated at IdB backoff, and the amplitude com- 
pression is corrected at the transmitter, then a phase 
compensation system compensating the four largest 
constellation points causes negligible extra degradation 
(ie. at IdB backoff using compensation the total degra- 
dation is 1 .7dB). Thus using compensation, to transmit 
1 watt, only a 1 .25 watt amplifier is required. As a result, 
it may be possible to operate with less backoff. 

Wireless LAN environments have communications 
links that have greatly varying path loss characteristics, 
both due to fixed factors (eg. location relative to the base 
transmitter) and variable factors (eg. movement of office 
staff). It is possible to operate over a path with greater 
loss by decreasing the transmitted data rate. In the sim- 
ple embodiments, the data rate can be set low enough 
so that communication is possible over paths with the 
maximum likely loss. This does not result in optimum 



use of the available spectrum. It is important in such an 
environment, that the spectral resources be optimally lo- 
cated to maximise network efficiency. This is achieved 
by: 

5 

using a low data rate for addressing and paging in- 
formation, which maximises the reliability of this 
channel for minimal allocation of resources; and 
using the highest data rate possible on a channel, 
10 which often requires data rate adaption. 

The QAM ROM-based demodulators of the de- 
scribed embodiments can be configured to switch in- 
stantly from one modulation system to another, by sim- 

15 ply increasing the size of the ROM to include constella- 
tion information for other systems. For a 64 QAM de- 
modulator it therefore possible, by doubling the size of 
the ROM, to demodulate 64 QAM, 16 QAM and QPSK. 
This would give relative data rates of 3:2:1 and relative 

20 performances in noise of 0: +5.5dB:+11.9dB (allowing 
for Eb/No improvement and the peak power limitation of 
the system). That is, by droppin g the data rate by a factor 
of 1/3, the communications link can now operate with 
11.9dB more path loss at the same error rate. 

25 Further, the embodiments can also be arranged that 
the values output for the phase (112) and amplitude 
(1 28) errors are appropriately scaled to enable the same 
carrier recovery circuit to be used in the VLSI. No addi- 
tional carrier acquisition is needed following the switch 

30 144. 

The preferred embodiment when implemented for 
wireless LAN has a data structure as shown in Fig. 10. 
The data is transmitted in packets 210, having a QPSK 
preamble 202 for carrier acquisition, and a QPSK head- 

35 or 204 containing addressing, paging and other control 
channel information. A short coded sequence 206 is 
provided for AM/PM adaption (which is preferably 
QPSK, and so could also carry information). An optional 
data rate switch 208 can then be provided before the 

40 information data 210 of the packet 200. The existence 
of the data rate switch 208 is required to be previously 
flagged, preferably in the header 204, and can be used 
to switch from QPSK (as preferred for the preamble 202, 
header 204, and learning sequence 206) to either 16 

45 QAM or 64 QAM used in the data 210. Such a data rate 
switch is readily implemented in the preferred embodi- 
ments because, for each coding scheme (QPSK, 
16QAM, 64QAM), the gain and phase values output 
from the ROM all fall within the same boundaries and 

50 thus hardware adaption is not required. 

In order to optimize the described embodiments, it 
is desirable to reduce the size of the ROM 1 35. It is gen- 
erally difficult to reduce the number of I and Q bits used 
in a QAM demodulation however, the number of 0 bits 

55 can be reduced by trading them with some preprocess- 
ing. By examining the most significant 8 bits the follow- 
ing is noted: 
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MSB - the most significant 8 bit corresponds to a 
rotation of 180°; 

MSB-1 - the next most significant bit corresponds 
to a rotation of 90°; 

MSB-2 - the next most significant bit corresponds 
to a rotation of 45°; ... and so on. 

These bits can be removed from the look-up table 
addressing if their functionality can be provided else- 
where in the demodulation system. The MSB can be re- 
moved and replaced either by preprocessing, for exam- 
ple by inverting the I and Q data when the MSB is set, 
or by post-processing the data, for example by replacing 
the demodulated symbols with those 180° away. A sim- 
ilar operation can remove the next most significant bit. 
The removal of higher bits is complex due to the lack of 
symmetry of the constellation under rotations less than 
90°. Implementation of the rotation for these bits is likely 
to be performed simplest using the look-up table. Two 
arrangements which reduce the ROM requirements 
from 1 megabyte to 256 kilobytes for a 64 QAM demod- 
ulator are shown in Figs. 11 and 12. 

In Fig. 11, a demodulator 160 is shown in which 
components previously seen and similarly numbered 
perform corresponding functions. A QAM processor 161 
is provided which incorporates a VLSI device, a first part 
of which (Part A) 163 is provided to receive the I and Q 
channels from the ADC's 99 and 100. Part A VLS1 163 
forms rotations by 0°, 1 80° and ± 90°. This requires sign 
changes and exchanging I and Q data. The data is then 
output to a reduced size ROM 1 62 which provides a data 
output 90 in the previous manner. The ROM 162 also 
supplies gain and phase error signals 112 and 128 to a 
Part B VLSI 164 which implements the corresponding 
function seen in Fig. 8. The only variation is that the G 
value, comprising 7 bits, is divided between the VLSI 
Part A 163 (2 bits) and the ROM 162 (5 bits). This pre- 
processing technique requires minimal hardware as the 
rotations required provide simple sign changes and data 
interchanges. The processing can be made more simple 
if the ADC data is presented in a signed binary form. 

In the configuration of Fig. 12, a demodulator 170 
is provided which incorporates a QAM processor 171. 
The processor 1 71 incorporates a reduced sized ROM 
1 73 which outputs to a VLSI device 174 which receives 
gain and phase error signals 1 1 2 and 1 28 in the previous 
manner and provides a 0 and AGC values in the manner 
previously described. The QAM processor 171 performs 
post-processing using a second ROM 175 interposed 
between the data output 90 and the ROM 1 73 and which 
also receives 2 bits of the 7 bit 0 signal, the remaining 
5 bits being input to the ROM 1 73. Post -processing per- 
forms rotations by 0° , 180° and ± 90° . The main ROM 
1 73 is programmed as before except that the 5 bits of 
rotation using the angle 6 only range from 0 to 90° . De- 
cisions made from the ROM 1 73 need rotation to correct 
quadrant. This is performed by the second smaller ROM 
175 which only requires 2 bits of 9 input, thereby being 



able to identify the four quadrants of the constellation. 

The arrangements described above permit config- 
uration of a wireless LAN operating at a carrier frequen- 
cy of about 2.45 GHz, and capable of transmitting data 
s at a rate of 1 0 Mbps using a 64 QAM system. 

The foregoing describes only a number of embodi- 
ments of the present invention and modifications, obvi- 
ous to those skilled in the art can be made thereto with- 
out departing from the scope of the present invention. 

10 

Claims 

1. A demodulation arrangement comprising: 

75 

a mixing circuit for deriving in-phase (I) and 
quadrature (Q) signals in a digital form from a 
received signal, 

a look-up table comprising a plurality of data 
20 output values and phase output values and 

configured to output at least a data output value 
corresponding to a symbol constellation point 
and a corresponding phase output value, both 
selectable using said I and Q signals, and 
2S a phase processor arranged to receive said 

phase output value and to calculate a phase an- 
gle value of said received signal, wherein 
said phase angle value is further input to said 
look-up table to supplement said I and Q sig- 
30 nals for selection of at least said data output 

value. 

2. An arrangement as claimed in claim 1 , wherein said 
I and Q signals provide a determination of a level of 

35 said received signal, said phase output value being 
derived from said table by association with said lev- 
el. 

3. An arrangement as claimed in claim 1 or 2, wherein 
40 said phase processor adds said phase output value 

to a current estimate of signal phase to provide said 
phase angle value. 

4. An arrangement as claimed in claim 3, wherein said 
45 current estimate of signal phase is determined by a 

first accumulator whose weighted output is summed 
with a weighted version of said phase output value, 
the summation being subsequently summed in a 
second accumulator over a plurality of symbols to 
so provide said phase angle value. 

5. An arrangement as claimed in claim 4, further com- 
prising an angle selector configured to provide a ba- 
sic phase angle amount to which said phase angle 

55 value is added prior to being input to said look-up 
table. 

6. An arrangement as claimed in claim 5, wherein said 
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angle selector comprises an amplitude decider- 
configured to receive said I and Q signals and there- 
from determine a magnitude of said received signal, 
said magnitude selecting one of a plurality of said 
basic phase angle amounts corresponding to said 
magnitude. 

7. An arrangement as claimed in claim 1 , wherein said 
look-up table further comprises, and is configured 
to output, a gain output value selectable using said 
I and Q signals, said gain output value representing 
a gain error on a symbol-by-symbol basis. 

8. An arrangement as claimed in claim 7, further com- 
prising a third accumulator for receiving said gain 
output value and accumulating same over a plural- 
ity of symbols, an output of which representing a 
gain error of said received signal. 

9. An arrangement as claimed in claim 8, further com- 
prising a gain controllable amplifier configured to 
provide said received signal to said mixing means, 
said amplifier having a gain control input with said 
gain error 

10. An arrangement as claimed in any one of the pre- 
ceding claims, wherein said look-up table compris- 
es a read-only memory (ROM). 

11. An arrangement as claimed in claim 10, wherein 
said ROM is implemented in a first single package 
electronic device, and said phase processor is im- 
plemented in a second single package electronic 
device. 

12. An arrangement as claimed in claim 11, when de- 
pendent on claim 8, wherein said third accumulator 
is configured within said second device. 

13. An arrangement as claimed in claim 11, wherein 
said phase processor further comprises a pro-proc- 
essor configured to receive said I and Q signals and 
a part of said phase angle value, a remainder of said 
phase angle value being input to said look-up table 
together with associated I and Q outputs of said pre- 
processor, said pre-processor being configured 
compensate for bulk phase angle values whereby 
said look-up table need then only compensate for 
complementary discrete phase angle values. 

14. An arrangement as claimed in claim 11, wherein 
said phase processor further comprises a post- 
processor configured to receive said data output 
values from said lookup table and a part of said 
phase angle value, a remainder of said phase angle 
value being input to said look-up table, wherein said 
post-processor provides associated outputs of said 
demodulator and is configured to compensate for 



bulk phase angle values whereby said look-up table 
need then only compensate for complementary dis- 
crete phase angle values. 

5 15. An arrangement as claimed in claim 13 or 14, 
wherein said look-up table is of reduced capacity 
compared with said look-up table of the arrange- 
ment recited in claim 10. 

10 16. An arrangement as claimed in claim 14, wherein 
said post-processor comprises a read-only memo- 
ry. 

17. A radio frequency receiver comprising an arrange- 
rs ment as claimed in any one of the preceding claims. 

1 8. A radio frequency transceiver comprising a receiver 
as claimed in claim 17. 

20 19. A communications system comprising a plurality of 
radio frequency transceivers as claimed in claim 18. 

20. Apparatus comprising a read-only memory (ROM) 
in which data values and phase values are stored 

25 for selection by I and Q input data, a phase proces- 
sor for determining, from a plurality of said phase 
values, a current phase angle of said I and Q input 
data, and a feedback path by which said current 
phase angle is input directly to said ROM for mod- 
30 rfying said I and Q values prior to said selection. 

21. A demodulation apparatus comprising a read-only 
memory (ROM) configured for decoding symbol 
constellation points from a received signal, charac- 

35 terised in that a feedback path is formed from and 
returning directly to said ROM, said feedback path 
implementing a digital carrier recovery loop incor- 
porating a complex multiplication function. 

40 22. A method of demodulating a modulated signal, said 
method comprising the steps of: 

(a) deriving in-phase (I) and quadrature (Q) sig- 
nals from said signal; 
45 (b) obtaining a decoded data output value and 

a phase output value corresponding to said I 
and Q signals; 

(c) determining a phase angle value of said sig- 
nal from said phase output value; and 
50 (d) using said phase angle value in concert with 

said I and Q signals in the obtaining of at least 
said decoded data output value. 

23. A method as claimed in claim 22 wherein step (b) 
55 comprises using said I and Q signals as addresses 
in a (first) look-up table of data output values and 
phase output values for selection of said decoded 
data output value and said phase output value, and 



25 



45 



SO 



9 



17 



EP0 757 464 A2 



step (d) comprises using said phase angle value as 
a further address to said first look-up table. 

24. A method as claimed in claim 23 wherein step (c) 
comprises performing a predetermined processing s 
of said phase output value external to said first look- 
up table. 

25. A method as claimed in claim 24 wherein step (c) 
further comprises the steps of: 10 

(ca) detecting an amplitude of said I and Q sig- 
nals; 

(cb) selecting one of a plurality of phase angle 
offsets using said detected amplitude; and is 

(cc) combining the selected phase angle offset 
with a processed phase angle derived from said 
phase output value to obtain said phase angle 
value. 

20 

26. A method as claimed in claim 25 wherein steps (ca) 
and (cb) comprises inputting said I and Q signals 
into a (second) look-up table to select said phase 
angle offset from a plurality of phase angle offsets 
retained in said second look-up table, and step (d) 2S 
comprises inputting said phase angle offset and 
said processed phase angle in combination to said 
first look-up table. 

27. A method as claimed in claim 24 wherein step (b) 30 
comprises the further steps of: 

(ba) inputting said decoded data output value 
and at least a portion of said processed phase angle 
into a (third) look-up table to select a specific data 
output value from said third look-up table. 35 
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Fig. 3B 
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Fig. 3C 



44 

45 y ' 



• 


r 




t 


-7 • 


• 


• • 


• 


• 


• 


• 


-5 • 


• 


V 














45 


• 


• 


• 


• 


-3 • 


t 


• * 


• 

1 


• 

i 


• 

I 


• 

1 


-1 • 

1 


• 

I 


• t 

l l 


-7 


-5 


-3 


-1 


1 


CO 


5 7 


» 


• 


* 


• 


--1 • 


• 


• • 


♦ 


• 


• 


• 


--3» 


• 


* • 


• 


• 


• 


• 


--5. 


• 


• • 


• 


• 


• 


• 


-.7. 


• 


• • 



EP 0 757 464 A2 



Fig. 3D 
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